Animals that are warned about the presence of a predator are more likely to avoid and/or survive an encounter with a predator. Chemical signals released by disturbed or injured conspecifics may provide prey animals with an early warning. In this study we conducted experiments to determine whether larval red-legged frogs respond to chemical stimuli produced by disturbed conspecifics and to examine the chemical compounds that may act as the alarm signal. In laboratory tests, groups of tadpoles responded with antipredator behaviours when exposed to chemical cues of disturbed conspecifics but not when exposed to chemical cues of control (undisturbed) conspecifics. In subsequent tests, disturbed animals increased ammonium (the main metabolic waste of tadpoles) excretion relative to undisturbed individuals. When tadpoles were exposed to low-level ammonium concentrations (1 mg NH 4 + /litre), they responded by increasing antipredator behaviours. Our results suggest that red-legged frog tadpoles release a chemical that provides conspecifics with an early warning of predator presence, and that ammonium (NH 4 + ) may be a component of the disturbance signal.
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The likelihood of an animal avoiding a predator's attack should increase if the predator's presence is detected early in the predation sequence (Lima & Dill 1990 Cues may arise from predators or they may be released by other prey animals when they detect or are captured by a predator. Chemical cues of either source can act as signals to warn prey of nearby predators. Warned prey may be better able to survive an encounter with a predator. For example, fathead minnows, Pimephales promelas, exposed to chemical alarm cues have higher survival rates in the presence of a predatory northern pike, Esox lucius, than those not exposed to such cues (Mathis & Smith 1993) . Similarly, western toad, Bufo boreas, larvae exposed to chemical alarm signals are better able to survive in the presence of an invertebrate predator (Hews 1988). The earlier prey are aware of a predator's presence, the greater the potential advantage to the prey.
In a recent review, Chivers & Smith (1998) divided chemical alarm signalling systems into two general categories based on the point in the predation sequence when signals are emitted. Damage-released alarm signals are those chemicals released by prey animals only upon being captured by a predator. In contrast, disturbance signals are chemicals that are released by senders that have been disturbed but not captured by a predator. Damage-released alarm signals are widespread in aquatic taxa (e.g. fish: Smith 1992; Chivers & Smith 1994; amphibians: Pfeiffer 1966; Hews & Blaustein 1985; Wilson & Lefcort 1993; Chivers et al. 1996 Chivers et al. , 1997 insects: Sih 1986; crustacea: Hazlett 1994; Williams & Moore 1985; sea anemones: Howe & Sheikh 1975; echinoderms: Lawrence 1991; gastropods: Appleton & Palmer 1988) . Chemical disturbance signals have received little attention. However, recent experiments suggest that they may be widespread (Hazlett 1985 (Hazlett , 1989 (Hazlett , 1990a Wisenden et al. 1995) .
